The objective of this study was to estimate the value derived from using DNA information to increase the accuracy of beef sire selection in a closed seedstock herd. Breeding objectives for commercial production systems targeting 2 diverse markets were examined using multiple-trait selection indexes developed for the Australian cattle industry. Indexes included those for both maternal (self-replacing) and terminal herds targeting either a domestic market, where steers are finished on pasture, or the export market, where steers are finished on concentrate rations in feedlots and marbling has a large value. Selection index theory was used to predict the response to conventional selection based on phenotypic performance records, and this was compared with including information from 2 hypothetical marker panels. In 1 case the marker panel explained a percentage of additive genetic variance equal to the heritability for all traits in the breeding objective and selection criteria, and in the other case to one-half of this amount. Discounted gene flow methodology was used to calculate the value derived from the use of superior bulls selected using DNA test information and performance recording over that derived from conventional selection using performance recording alone. Results were ultimately calculated as discounted returns per DNA test purchased by the seedstock operator. The DNA testing using these hypothetical marker panels increased the selection response between 29 to 158%. The value of this improvement above that obtained using traditional performance recording ranged from $89 to 565 per commercial bull, and $5,332 to 27,910 per stud bull. Assuming that the entire bull calf crop was tested to achieve these gains, the value of the genetic gain derived from DNA testing ranged from $204 to 1,119 per test. All values assumed that the benefits derived from using superior bulls were efficiently transferred along the production chain to the seedstock producer incurring the costs of genotyping. These results suggest that the development of greater-accuracy DNA tests for beef cattle selection could be beneficial from an industry-wide perspective, but the commercial viability will strongly depend on price signaling throughout the production chain.
INTRODUCTION
A large investment has been made in developing DNAbased tools for the beef cattle industry. Although DNA markers provide an opportunity for increased genetic gain and new management opportunities, their use does not provide a guaranteed return on investment. With a few notable exceptions (Grobet et al., 1997; Grisert et al., 2002; Casas et al., 2006) , individual markers for quantitative production traits in cattle have explained only a small proportion of the genetic variation in their target trait. The gain in selection response from using individual genes is proportional to the genetic variation they explain (Lande and Thompson, 1990; Meuwissen and Goddard, 1996) . In general, tests composed of only a few markers have not added greatly to the effectiveness of selection (Dekkers, 2004) .
Although some recent studies have examined the economic implications of using dense DNA marker information in dairy breeding programs (Schaeffer, 2006; König and Swalve, 2009 ), relatively few have looked at other livestock industries (Davis and Denise, 1998; Hayes and Goddard, 2003; Dekkers, 2004; Banks and van der Werf, 2009; Sise and Amer, 2009) . Genetic improvement on commercial beef farms is largely realized through the purchase of yearling bulls (Amer et al., 1997) . These typically come from specialized seedstock herds where performance recording is used to achieve genetic improvement. The purpose of this paper was to estimate the economic value of using DNA information from hypothetical DNA tests associated with known proportions of selection trait genetic variation to increase the accuracy of beef bull selection in a seedstock breeding program. A multiple-trait selection index model was used to predict the added response to selection that could be achieved when using information from hypothetical DNA tests of specified accuracies to complement conventional performance recording in a closed seedstock herd. The expected returns when using commercial sires sourced from this seedstock herd were estimated. In addition, the value of marker information in the selection of replacement stud males to be mated in a seedstock breeding program was also considered.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because no animals were used.
Breeding Objectives, Selection Criteria, and Index Derivation
Breeding objectives for commercial production systems targeting 2 diverse markets, a domestic Australian (grass) and a high value export (feedlot) market, were examined considering both self-replacing (maternal) and terminal (no animals kept for breeding) herds. Steers in the domestic system were finished on pasture, whereas in the export system steers were finished on concentrate rations in feedlots. Summary descriptors of the 2 production systems are given in Table 1 . The traits that were included in the breeding objective (Table 2) and associated economic values (α i , $ profit/cow exposed) were derived using the BreedObject software (Barwick, 1993; Barwick and Henzell, 1999) . Because a gene flow method was used to derive discounted gene expressions in this study, the economic values (S. A. Barwick, Animal Genetics and Breeding Unit, University of New England, Armidale, New South Wales, Australia, personal communication) were derived without any discounting.
Multiple-trait selection index theory was used to predict the potential benefit of including DNA information in selection decisions. The genetic basis for constructing selection indexes was developed more than 60 yr ago (Hazel, 1943) . The selection index methodology determines the selection criterion coefficients that maximize the response in a given breeding objective on the basis of available information. The base phenotypic records available for use as selection criteria in indexes were assumed to be those that are routinely recorded by breeders and which are used in BREEDPLAN, the national genetic evaluation system for beef cattle in Australia (Johnston et al., 1999; Graser et al., 2005) . Details of these selection criteria, including which animals they were recorded on, are given in Table 3 . Genetic and phenotypic variances and covariances (Tables 4 and 5) were based on estimates detailed in Archer et al. (2004) for Bos taurus breeds (mostly Angus).
The information used for constructing selection indices was summarized in a vector x where element x i refers to a phenotype, or an average phenotype, on the individual, its sire, its dam, or its half sibs for each of the measured traits. We defined the matrix P = var(x) as the matrix with variances and covariances among all information sources and the matrix G as cov(x,a), where a is the vector with breeding values for all traits. This was constructed assuming phenotypic records on selection criteria were available on the individual, its parents, and 20 paternal half-sibs (Table 3) following the equations of Cameron (1997) . The selection index weights were calculated as b = P −1 Gv, where v is a vector with economic values. The response to selection in each trait based on the index was calculated as ΔG 
is the SD of the aggregate genotype of the breeding objective, and C = var(a).
The DNA test information was included in x as a molecular breeding value (q i ) explaining a proportion (ρ) of the additive genetic variance ( ) s ai 2 in trait i; V qi = rs ai 2 , as described by Lande and Thompson (1990) .
Hence, the diagonal in P for this information is V qi and off diagonals in P, which are covariances between q i and other information sources, are cov(q i ,x i ) = r x ai 2 rs , where r x is the additive genetic relationship between individuals in x i and the selection candidate. The covariances between variables for different traits are cov(q i ,q i′ ) = sqrt(ρ i ρ i′ )σ aii′ , where σ aii′ is the genetic covariance and cov(q i ,x i′ ) = r x ρ i σ aii′ . In G we have to define the covariance between q i and the true breeding value (a) as cov(q i ,a) = rs ai 2 and cov(q i ,a i′ ) = ρ i σ aii′.
The accuracy of genomic prediction of breeding value is dependent on heritability and the size of the training set. We assumed DNA tests explaining a percentage of additive genetic variance set to either one-half (ρ i = high) of all selection criteria and traits in the breeding objective. The corresponding accuracies associated with these hypothetical DNA tests are summarized in Table  3 . Indexes were constructed and both selection response ($ per cow exposed) for all traits in the index (σ I ) and index accuracy were calculated when information source included conventional performance records alone, or when DNA test information was added to these phenotypic records.
Seedstock Herd Structure and Breeding Scheme
A simple 2-tier industry example was modeled in which a seedstock herd was incurring the costs of improving the accuracy of bull selection. It was assumed that breeding value estimates on young, untested bulls were informed by their own performance records along with those of their sire, dam, and 20 paternal-half sibs as detailed in Table 3 . Biological variables of the herd are detailed in Table 6 . Stud bulls were used for 3 yr at a mating ratio of 30 females:1 male and produced on average of 32.5 yearling bull calves over their lifetime. Each year the top 8 bulls were selected to be stud sires, and 125 (remaining bulls from the top half of the calf crop) were made available for sale to commercial producers. Commercial sires were then used to sire 4 calf crops at a mating ratio of 25 females:1 male. This base scenario was then compared with scenarios where 2 DNA tests of varying accuracy were additionally used to test all 267 bull calves in the calf crop.
Value Derived from Selecting a Genetically Superior Bull
Offspring sired by a superior bull express their genetic superiority at the individual level, and replacement females will also pass this genetic superiority on to their descendants. Differences in relative numbers of expressions and time delays over generations must be accounted for when determining the value derived from the use of a genetically superior sire. For maternal sires and the stud herd, the gene flow method of Hill (1974) , which tracks gene flow in populations with overlapping generations, was used to compute the cumulative discounted expressions derived from the purchase of a genetically superior yearling commercial sire (CDE CB ), or selection of a genetically superior yearling stud sire (CDE SB ). The first requirement of Hill's method is the development of a T-matrix that describes the transmission of genes and aging in all tiers of a breeding and production population based on the biological parameters outlined in Table 6 and a 20-yr planning horizon. The first row in each block represents the proportion of genes received from different age classes of certain cohorts. The cohorts considered were sires and dams of the nucleus (stud), nucleus-born males as sires of the commercial herd, and males and females of the commercial herd. The flow of 1 unit of genetic improvement was followed through the population by multiplying T with a vector r with all zeros with the exception of a 1 in the position of age class 1 of either stud sires or of commercial sires. Then the expression of this improvement through the population is g 1 = Tr, and further gene flow can be calculated as g t+1 = Tg t . The CDE for genes from bulls originally in age class 1 at time 0 for trait i in age class j was calculated as class j in year t that was received from bulls initially in age class 1, and N ij = proportion of animals that express trait i that come from age class j. Traits were expressed in the commercial tier either in age class 1 or 2, or in age classes 2 to 10 for female traits. The discounted revenue from all traits (i) in the breeding objective derived from a commercial sire ($ CB ) selected on an index was then calculated as follows:
No. of yearling g commercial bulls sold , where α i is the economic value ($/cow exposed) for the ith trait in the breeding objective, ΔG i is the selection response for the ith trait (calculated as i mc ·b gi,I σ I , where i mc is the selection intensity of stud bulls sold as commercial bulls, b gi,I is the regression of breeding value of trait i on the index, and σ I is the SD of the index), and (CDE CB ) i = CDE for trait i resulting from the selection of a commercial yearling bull at time 0. (600), fat depth at the Australian P8 site over the rump in heifers and bulls (PHh, PHb), fat depth between the 12th and 13th rib in heifers and bulls (RIBh, RIBb), LM area in heifers and bulls (LMAh, LMAb), intramuscular fat in heifers and bulls (IMFh, IMFb), scrotal size (SS), days to calving (DTC), mature cow BW (MCW), sale BW-direct (SWd), sale BW-maternal (SWm), dressing percentage (DP), salable meat percentage (SMP), fat depth at the carcass P8 site over the rump (FD), AusMeat marbling score (MS), cow weaning rate (CWR), cow survival rate (CSR), cow BW (CW), calving ease-direct (Ced), calving ease-maternal (Cem).
To calculate the added value resulting from DNA testing, the value of a commercial sire selected based on phenotypic performance records was subtracted from the value associated with the selection of a genetically superior sire sourced from a seedstock operation using DNA test information to improve the accuracy of selection.
To determine CDE SB , the gene flow method was used over a 20-yr time period to track genes derived from the selection of yearling replacement stud sires for the seedstock herd in yr 0. The improvement these sires generated on the 1-yr-old age class of animals (commercial sale bulls) over the 20-yr period was discounted back to the net present value and cumulated. The discounted revenue from all traits (i) in the breeding objective derived from a stud sire ($ SB ) was then calculated as follows:
No. of replacem i e ent stud bulls kept in seedstock herd , where α i is the economic value for the ith trait in the breeding objective, ΔG i is the selection response for the ith trait (i ms ·b gi,I σ I , where i ms = selection intensity of bulls used as stud sires), and (CDE SB ) i = CDE for trait i resulting from the selection of replacement yearling stud bulls at time 0. These values were again compared with the conventional situation where stud sires were selected in the absence of DNA testing. To achieve these benefits, it was assumed that all of the bulls in the annual cohort were DNA-tested to enable selection of the best 3% as stud sires, and 50% as sale bulls. The extra cost of using DNA testing was assumed to be only the cost of the test, and resulting benefits were therefore expressed on a DNA-test basis.
The beef industry features little vertical integration between the cow-calf, feedlot, and processing sectors . To determine where in the beefcattle supply chain the returns were being generated, the traits in the objective were divided into those of commercial value to the processing sector [dressing (DP) and salable meat percentage (SMP), rump fat depth (FD), and marbling score (MS)] from the remaining objective traits [sale BW-direct (SWd), sale BW-maternal (SWm), cow weaning rate (CWR), cow survival rate (CSR), cow BW (CW), calving ease-direct (Ced), and calving ease−maternal (Cem)], which were assumed to be of direct benefit to the production sector.
RESULTS
To illustrate the comparative importance of the individual traits to the 4 breeding objectives considered in this study, the relative economic values (rev) of the Figure 2 shows the accuracy of the objective traits and selection index when information sources included conventional performance records in the absence of DNA information, or these phenotypic records in addition to data from intermediate-or high-accuracy DNA tests. The largest proportional increases in accuracy occurred for DP in the terminal indexes and CSR in the maternal indexes. These traits are measured late in life and have low accuracies when informed by traditional performance recording. The DNA-enabled improvements in accuracy increased the response to selection and also resulted in changes in the relative contribution of objective traits to the value derived per round of selection (Figure 3) . The DNA-informed indexes resulted in MS generating the greatest returns in both feedlot objectives, which was not the case for the terminal sire index before the inclusion of DNA information. Although SWd remained the most important trait for both grass objectives, improvements in DP and SMP resulted in increasing returns as the DNA test information improved the accuracy of these traits.
The CDE coefficients per cow exposed for objective traits expressed at different life cycle stages for terminal and maternal commercial bulls (CDE CB ) and stud sires (CDE SB ) purchased or selected in yr 0 are given in Table 2 . Conceptually these values can be understood as the expression of the genetics of a bull in the offspring from a mating. If all traits were expressed one time in the absence of discounting, then this value would be 0.5 (i.e., genetic contribution of a bull to his offspring). The variations around this value are the result of discounting, multiple expressions of the trait over time, and expression in multiple generations in the case of the self-replacing herd.
When the DNA marker test was of intermediate accuracy, the improvement in response to selection ranged from between 29 to 95%. The high accuracy test improved the response to selection by 54, 81, 157, and 158% for terminal and maternal grass, and terminal and maternal feedlot indexes, respectively (Table 7) . The amount of additional income expected to result from the purchase of a genetically superior commercial bull selected using performance records and DNA test information ranged from $89 to $565 depending upon the index under consideration (Table 8 ). The added value of a genetically superior stud sire ranged from $5,331 to $27,910. Expressing these gains on a per DNA-test basis and assuming only stud males are tested, the added value of commercial bulls ranged from $45 to $282, whereas the added value of genetic gain associated with using DNA tests to select stud bulls ranged from $160 to $836 per test. Summing these values, the total value of genetic improvement resulting from DNA testing for the hypothetical seedstock herd modeled in the case study ranged from $204 to $1,119 per DNA test.
The calculations that were performed to determine these values are demonstrated for the feedlot terminal sire index as follows. Table 7 shows that the value of 1 SD of the selection index (σ I ) in the absence of DNA information was $11.94. This value included predicted change (b gi,I ·σ ai × α i ) in the following 5 objective traits: SWd $5.28, DP $1.40, SMP $2.72, MS $4.03, and Ced −$1.50 (individual trait data shown in Figure 3 ). The first 4 of these traits are calf slaughter traits expressed in yr 2, and the fifth is a calf birth trait expressed in yr 1. The selection intensity of commercial bulls was 0.8 (top half selected), and 125 yearling bulls were sold for breeding to a total commercial cow herd of 9,225. Given these assumptions, the value of the genetic gain derived from selecting a yearling bull based on performance testing alone for this market was calculated as follows: The value of a replacement stud sire derived from selecting the top 8 yearling bulls (selection intensity = All of these values assumed some form of industry integration such that the value generated by improved sires was efficiently transferred up the beef-cattle supply chain to the seedstock producer incurring the costs of genotyping. Figure 4 illustrates the industry-sector breakdown of the increased value derived from the genetic improvement in commercial bulls based on selection using the total industry merit indexes modeled in this study. It can be seen that the value generated by traits that return direct revenue to the processing sector accounted for $68 to 719 (23 to 85%) of the returns generated by the selection of superior commercial sires depending upon the index and its accuracy. The value of the proportion of genetic change that was associated with traits of direct benefit to the processor increased as DNA information was added to the terminal indexes, remained high and approximately constant at around 80% for the maternal feedlot index, and decreased for the maternal grass index.
DISCUSSION
The objective of this work was to estimate the returns associated with using information from 2 hypothetical DNA tests to increase the accuracy of sire selection in a closed seedstock breeding program. In contrast to more vertically integrated industries, genetic improvement on commercial beef ranches is largely realized through the purchase of yearling herd sires from the beef cattle breeding sector, which is characterized by a large number of seedstock herds. This sector already invests in performance recording to improve the accuracy of genetic merit estimates and represents an obvious prospective market for DNA test information. The question this study addresses is what is the value derived from genetic improvement in both commercial and stud sires resulting from DNA-based improvements in selection index accuracy.
The value derived from DNA test information was examined in the context of multi-trait breeding objectives. Multiple-trait selection index theory has been used by others to evaluate the efficiency of marker information for the improvement of quantitative traits (Dekkers, 2007) . This approach requires an assumption of multivariate normality of breeding values derived using genetic markers. This is more likely to be the case when using DNA tests that involve a large number of markers spread evenly across the genome. Because the relative efficiency of DNA information for genetic improvement is greatest for traits with low heritability, Values are dependent upon the assumptions and seedstock and commercial herd biological parameters modeled in this study. ΔG = the genetic gain per round of selection. Van Eenennaam et al. or in traits that cannot be measured on juvenile individuals, results were dependent upon attributes (e.g., heritability, age of measurement, genetic correlation) of the selection criteria and the relative value of objective traits. In this study, the proportional increase in response was relatively large, because the main traits driving the breeding objectives were hard to improve based on phenotypic measurement.
The amount of additional income expected to result from the purchase of a genetically superior commercial bull selected using performance records, and DNA test information ranged from $89 to $565 above that achieved using performance recording alone. The added value resulting from the selection of genetically superior stud sires was much greater ($5,331 to $27,910) because of the increased selection intensity and the fact that stud sires have the opportunity to produce more descendants (i.e., have a greater number of genetic expressions) than commercial sires. The values generated by better commercial bulls and the selection of improved stud bulls were combined to give the total value per DNA test. Translating the revenues to a value per DNA test is relevant under the presumption that commercial producers will pay more for the additional genetic merit embodied in the superior commercial sires and therefore return the full additional cost of DNA testing to the stud. In the first instance the breeder is able to sell commercial bulls with greater and more accurate breeding values, and in the longer term there is the added effect of better bulls in future generations due to improved selection of stud bulls.
The total value of genetic improvement resulting from DNA testing for the hypothetical seedstock herd modeled in this case study ranged from $204 to $1,119 per DNA test. This could be seen as the maximum value that seedstock breeders can afford to pay for DNA testing. The DNA testing may also have other potential benefits to different sectors of the beef industry (e.g., correcting parentage recording errors, reducing the risk associated with the purchase of a commercial sire, marker-assisted management in the feedlot) that were not factored into the present study. It is also possible that a seedstock operator may obtain additional benefits as a result of DNA-based identification of an exceptional sire of potential interest to AI companies, or through an increased market share and resultant sale of a greater proportion of the annual bull calf crop. . Breeding objective traits of direct benefit to the processing sector (black) were assumed to be dressing percentage, salable meat percentage, rump fat depth, and marbling score, whereas those of direct benefit to the production sector (gray) were assumed to be sale BW-direct, sale BW-maternal, cow weaning rate, cow survival rate, cow BW, calving ease-direct, and calving ease-maternal.
Some of the parameters detailed in Table 6 have a linear relationship with the value calculations (e.g., commercial bull:cow ratio). Therefore, a 20% increase in this ratio (i.e., increasing it from 1:25 to 1:30) would increase the values in Table 8 by 20%. Other parameters have a more complex relationship because they alter components of the T matrix (e.g., altering the number of breeding seasons or bull survival rate). A major determinant of seedstock profitability is the proportion of young bulls that can be sold for breeding, and eliminating one-half of possible sale bulls from contention based on DNA testing may be unrealistic. Some seedstock breeders may only be interested in using DNA information to improve the accuracy of replacement bull selection for their own herd, and not to additionally select the better half of the commercial bulls for sale as was modeled in this study. If a breeder instead chose to sell all of the physically sound bull calf crop, this would effectively remove the value associated with testing commercial sire candidates because selection intensity in commercial bulls would decline to zero. However, selling additional commercial bulls would increase the value of replacement stud bulls due to the larger number of descendants this larger group of commercial sale bulls would produce.
For example, selling 80% of the bull crop for commercial breeding, assuming 20% were culled for nongenetic reasons, would increase the value of a stud bull selected based on performance records for the terminal feedlot market from $14,579 to $24,143. If DNA test information from the high accuracy test modeled in this study was used to select these replacement stud bulls, the value derived from each stud bull would also increase ~66% (from $37,891 to $62,747) . This means that the value per DNA test would be greater than in the scenario modeled in Table 8 , where only the best one-half of the male calves were sold as bulls. The value derived per DNA test might also be increased further by testing only the male calves that were selected based on other criteria such as conventional EBV because a similar total benefit could be obtained with fewer tests. It would be worthwhile to develop optimal genotyping strategies in future studies, taking into account prior knowledge about EBV, pedigree, and DNA typing cost.
Selection intensity and generation interval were held constant when comparing conventional and markerassisted selection approaches. This may be overly simplistic because one of the obvious benefits of marker information is that it offers the opportunity to decrease the generation interval by making accurate genetic estimates available on young animals, thereby eliminating the need for progeny testing (König and Swalve, 2009) . However, in the beef cattle industry, progeny testing has limited value because phenotypic records can be obtained on many economically important beef cattle traits before selection (Goddard, 2009) . Unlike the dairy industry, progeny testing is not routinely employed before the use of young sires. This limits the opportunity to reduce the generation interval with DNA testing.
However, DNA testing may offer opportunities to improve the accuracy of carcass and maternal trait EBV in young bulls, and provide some information on hardto-measure economically relevant traits. The DNA testing may also prove valuable for enabling the selection of females based on early predictions of maternal traits. There are opportunities for the beef industry to benefit from improvement in traits directly affecting maternal performance (Roughsedge et al., 2005; Amer et al., 2007) . Improving the accuracies associated with young commercial sire genetic estimates would additionally have a risk-reduction benefit of potential importance to producers, especially for traits such as calving ease where there may be increased costs associated with low accuracy genetic predictions.
It was assumed that the seedstock operator continued collecting phenotypes on BREEDPLAN selection criteria: BW at birth, 200, 400, and 600 d, ultrasound scanning traits measured on the live animal, scrotal circumference, days to calving, and BW of mature cows at weaning of their calves. These phenotypes are the cornerstone of genetic evaluations and in 2004 they were estimated to cost the seedstock producer ~$22.50/ yearling bull [$3 for birth weight and calving difficulty score, $1 for 200-d BW, $1.50 for 400-d BW, $1.50 for 600-d BW, $2 for scrotal size, and $13.50 for ultrasound scanning (Archer et al., 2004) ]. Forgoing the costs associated with performance recording could be a benefit of DNA testing and would have an obvious positive impact on the economics of DNA testing. The rows labeled "DNA test only" as the information available in Table  7 show the selection response (σ I ) and index accuracies that could be achieved in the absence of performance records given the availability of the DNA tests modeled in this study. Care must be taken not to overinterpret these results to suggest that DNA tests will replace phenotyping and performance recording. Unless DNA tests are developed that have very high accuracy, they should be used in conjunction with available phenotypic data. The simulations in Dekkers (2007) suggested that single trait marker predictions would need to explain greater than 50% of the genetic variation in a trait with a heritability of 0.4 or 30% of a trait with a heritability of 0.1 to take the place of performance recording when phenotype is recorded on all individuals before selection. It is also likely that continual re-estimation of marker effects and the proportion of genetic variation associated with DNA tests will be required on an ongoing basis (Muir, 2007) , and this will necessitate the continued availability of phenotyped individuals within each population.
Although markers have the greatest value for traits that are in the breeding objective but which are not routinely recorded before selection decisions are made (Meuwissen and Goddard, 1996) , data sets tend to be populated with phenotypes measured in seedstock populations as a result of the investment of that sector in performance recording. Relatively few data sets contain phenotypes on breeding objective traits from commer-cial populations. The DNA test accuracies that were modeled in this study might be expected when phenotypic information was available on a genotyped training population consisting of approximately 1,000 (ρ i = ½h 2 ; intermediate) or 2,500 (ρ i = h 2 ; high) animals from 1 breed (van der Werf, 2009) phenotyped for both criteria and breeding objective traits. This approximation is dependent upon the effective number of QTL contributing to the additive genetic variance (Goddard, 2009) . As is illustrated in Figure 5 , for a given training population size there is a direct relationship between trait heritability and the proportion of additive genetic variance that can be detected (Lande and Thompson, 1990) . In practice the number of animals will almost certainly have to be considerably greater if the population tested is genetically heterogeneous or consists of multiple breeds.
Until recently, commercialized DNA tests for beef cattle targeted only a handful of traits, specifically marbling, tenderness and feed efficiency (Van Eenennaam et al., 2007) . Recent tests on the US market target more than 10 traits including growth, maternal, and carcass traits. Company-generated estimates report accuracies ranging from 0.3 to 0.65 depending upon the trait and the test. MacNeil et al. (2010b) reported a 384 SNP panel for Angus cattle (Igenity, Duluth, GA) had accuracies in the range of 0.5 to 0.65 for carcass traits (carcass weight, marbling, LM area, and subcutaneous fat depth at 12th rib). There are no independent publications or evaluations estimating the accuracy of all of the traits included in DNA tests on the US market. It is difficult to make optimal selection decisions or even estimate the value of these multitrait tests in the absence of information on their accuracy, and this also impedes their incorporation into genetic evaluations, breeding objectives, and selection index calculations (Harris and Newman, 1994) .
The DNA test information is starting to be incorporated into tenderness breeding values by the Animal Genetics and Breeding Unit of the University of New England in Australia (Johnston et al., 2009) , and carcass trait genetic evaluations by the American Angus Association (MacNeil et al., 2010a,b) . As DNA testing becomes more comprehensive and encompasses a larger number of traits, it will become increasingly important to integrate this information into genetic evaluations or genetic evaluation results. These developments will require the availability of additional genotyped, phenotyped populations to obtain the required accuracy and genetic parameter estimates (Barwick and Henzell, 2005) . Further, breeds may need to develop their own phenotyped populations that are distinct from the original discovery populations to develop breed-specific estimates of the genetic parameters that will be required for the inclusion of DNA information into genetic evaluations. These needs have been anticipated , and although it is beyond the scope of this paper, represent an as-of-yet unallocated industry-level cost associated with the use of DNA information.
Implications
This study determined the value associated with the inclusion of DNA information from marker panels explaining different percentages of additive genetic variance for objective traits and selection criteria to increase the accuracy of beef sire selection in a seedstock herd. These values were calculated using total industry merit indexes that assumed some level of industry integration such that benefits realized by downstream sectors of the beef cattle supply chain were efficiently transferred back to the seedstock producer incurring the expense of DNA testing. Although the results presented here show that DNA information has the potential to provide value to seedstock producers, meaningful incorporation of DNA information into national cattle evaluations will be required to make optimal use of this information. In the United States, this will likely entail the concurrent development of multi-trait selection indexes incorporating DNA data on previously unavailable selection criteria and novel traits for breeding objectives of relevance to US beef production systems. The commercial viability of DNA testing in the seedstock sector will also be dependent upon increased vertical integration or more efficient price signaling throughout the beef production chain.
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